M ental disorders affected 18% of adults in the United States in 2013, including 15% of those 50 years of age or older. 1 Psychotropic medications are among the most highly prescribed agents in the United States, with 330 million prescriptions for antidepressants and anxiolytics in 2009. 2 In Canada, 17% of women 45 to 64 years of age take antidepressant medications, making these agents the most commonly used in that demographic subgroup. 3 Mental disorders such as depression have been associated with an increased risk of osteoporosis and fracture. 4 Likewise, specific psychotropic medications have been consistently associated with lower bone mineral density (BMD) and increased risk of fracture, independent of the mental disorders they are treating. [5] [6] [7] [8] [9] Fractures are associated with increased morbidity, mortality, disability, and cost and thus represent an important target for public health prevention efforts. [10] [11] [12] Osteoporosis, a disorder manifested by reduced density and quality of bone with susceptibility to fragility fractures, is also highly prevalent; a 50-year-old white woman has a 15% to 20% lifetime risk of hip fracture and a 50% risk of any osteoporotic fracture. 13 The fracture risk assessment tool FRAX (Centre for Metabolic Bone Diseases, University of Sheffield, Sheffield, UK) is based on easily assessed risk factors identified in meta-analyses of population-based prospective cohorts and estimates 10-year probability for a major osteoporotic fracture (MOF) (ie, hip, vertebral [clinical] , humerus, or forearm) or for a hip fracture.
14,15
FRAX has been incorporated into more than 100 clinical guidelines worldwide for osteoporosis management. 16, 17 However, there remain clinical factors that contribute to fracture risk that are not included in the FRAX algorithm. 18 Some examples include types 1 and 2 diabetes, heart failure, falls, and certain medications that contribute to the risk of falls such as antihypertensive and psychotropic medications. [19] [20] [21] [22] [23] Identifying additional factors that influence the ability of FRAX to estimate fracture risk within specific populations is therefore important to inform practitioners how to interpret FRAX results within these populations. Mental disorders and the psychotropic medications used to treat these disorders represent another potentially important set of risk factors that have not previously been examined in the context of FRAX. Therefore, using a large clinical dual-energy x-ray absorptiometry (DXA) scan registry linked to administrative health data sets that contain physiciandiagnosed mental disorders and detailed medication information, our objective was to provide, to our knowledge, a firstever assessment of the performance of FRAX in routine clinical practice for men and women with mental disorders and/or using psychotropic medications, and to determine whether these disorders and medications contribute to fracture risk beyond the risk estimated by the FRAX tool.
Methods

Data Sources
Data for this study comprised the Manitoba Bone Density Program database, which contains information on all individuals in the province of Manitoba, Canada (population, 1.2 million), who have received a DXA assessment of BMD since 1990. This database is linked through an encrypted personal health number to data sets in the population-based Manitoba Centre for Health Policy Data Repository. Specific repository databases used in this study included physician billing claims and hospital discharge abstracts (which together provided data on mental disorders, fractures, and medical illnesses contributing to the FRAX score), vital statistics (mortality), and the provincial drug database (containing information on medication type, dose, and date of dispensation for the entire population). Patient demographic information was obtained through the population registry file. The accuracy and completeness of these data sets are excellent and have been described in detail. [24] [25] [26] [27] The study was approved by the University of Manitoba Human Research Ethics Board. Participant consent is waived for administrative data studies under the Personal Health Information Act of Manitoba.
Study Population
The study included men and women 40 years of age or older at the time of baseline BMD assessment during the period from January 1, 1996 
Mental Disorders
The mental disorders examined included depression, anxiety disorders, and schizophrenia. Disorders were ascertained using International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) and International Statistical Classification of Diseases and Health Related Problems, Tenth Revision, Canada (ICD-10-CA) codes. Disorders were coded as present if 2 or more diagnostic codes for the same disorder (eAppendix 1 in the Supplement) occurred in either hospital discharge abstracts or physician billing claims in the 3 years prior to DXA scan. For individuals with codes for different mental disorders, a diagnosis was assigned based on the most frequently coded diagnosis using definitions based on previous work from the same databases. 28 Mental disorder severity
Key Points
Question How do mental disorders and psychotropic medications affect fracture risk estimates with FRAX, a tool developed for clinical use in the general population?
Findings In this longitudinal cohort drawn from a population-based registry, FRAX scores were calculated for 68 730 individuals. FRAX significantly underestimated 10-year hip fracture risk in those with depression by 51% and in those using selective serotonin reuptake inhibitors by 57%, those using mood stabilizers by 98%, those using antipsychotics by 171%, and those using benzodiazepines by 31%.
Meaning Depression and some psychotropic medications are associated with an increased risk of fracture that is not fully captured by FRAX scores.
scores were created based on increasing numbers of outpatient visits (2, 3-5, or ≥6) or hospitalizations (1, 2, or ≥3) associated with mental disorders.
Psychotropic Medications
Exposure to psychotropic medications during the year prior to the DXA scan was ascertained using the World Health Organization Anatomical Therapeutic Chemical Classification System (eAppendix 2 in the Supplement). A 1-year time frame was chosen to capture a more proximate medication exposure. Categories included selective serotonin reuptake inhibitors (SSRIs), tricyclic antidepressants, other antidepressants, lithium, nonlithium mood stabilizers, antipsychotics, and benzodiazepines. Exposure was arbitrarily defined as dispensed prescriptions covering more than 50% of days during the year (medication possession ratio, >0.5).
Fracture Outcomes
The primary study outcome was an incident hip fracture or MOF occurring between the date of the baseline BMD assessment and the end of the observation period (March 31, 2013, unless coverage was terminated by death or migration out of province). Major osteoporotic fractures included hip, vertebral (clinical), humerus, or forearm fractures. Fracture definitions were based on ICD-9-CM and ICD-10-CA codes adapted from algorithms validated in Canadian administrative databases (eAppendix 1 in the Supplement). 29 Fractures indicating a high level of trauma were excluded using relevant ICD-9-CM and ICD-10-CA codes.
Fracture Risk Assessment
Dual-energy x-ray absorptiometry scans of the hip and spine were performed and analyzed in accordance with manufacturer recommendations using one of the Manitoba Bone Density Program's cross-calibrated DXA instruments (the Lunar DPX prior to 2000 and the GE Lunar Prodigy in 2000 and thereafter; both General Electric). Femoral neck T scores were calculated using US National Health and Nutrition Examination Survey III 30 white female reference values as required by FRAX.
Ten-year probabilities of incident hip fracture and MOF, including femoral neck BMD, were calculated using the FRAX tool calibrated for the Canadian population (FRAX Desktop Multi-Patient Entry, version 3.7) from nationwide data. 31 Age and sex at BMD assessment were determined using the population registry file. Height and weight were obtained by selfreport prior to 2000 and objectively in 2000 and thereafter using a wall-mounted stadiometer for height and a scale for weight. A diagnosis of rheumatoid arthritis was ascertained using ICD codes from hospital separation abstracts and outpatient physician visits. Chronic obstructive pulmonary disease and alcohol or substance abuse diagnoses were identified from the same sources and used as proxy measures for smoking and high alcohol use. Similar prevalence estimates and effects on fracture have previously been shown using these proxy definitions as was seen in population-based data. 35 Discrimination is the ability of a predictive model (FRAX) to distinguish between individuals who do or do not experience the outcome (fracture). Fracture discrimination using FRAX was estimated for the subgroups of mental disorders and psychotropic medications and was expressed as the aHR per SD increase. Within the same subgroups, calibration of the FRAX model was assessed, where calibration was determined from the difference between the observed cumulative fracture probability at 10 years and the expected 10-year fracture probability estimated by FRAX. Assessment of calibration considered the effect of competing mortality on the 10-year cumulative incidence for fracture (ie, a fracture outcome cannot be incurred following death), which is a component of the FRAX method. Expected probability within 10% of observed probability was considered to indicate good calibration.
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Supplementary analyses examined the association between mortality, mental disorders, and use of psychotropic medications with multivariable Cox proportional hazards regression adjusted for FRAX and use of osteoporosis medications; C statistics for fracture risk stratification from FRAX scores among mental disorder and psychotropic medication subgroups; the influence of mental disorder severity on associations between fractures and psychotropic medications; adjusting for prior use of antihypertensive medication; adjusting for use of osteoporosis medication subsequent to BMD assessment (rather than prior use); the effect of excluding par-ticipants who used multiple psychotropic medications and for FRAX calculated without BMD. Supplementary 2-way interaction analyses were performed for mental disorders and use of psychotropic medications vs (1) sex, (2) age, (3) FRAX probability, (4) World Health Organization category or prior hip or spine fracture, (5) osteoporosis treatment prior to BMD, and (6) osteoporosis treatment subsequent to BMD. Statistical analyses were performed with Statistica, version 10.0 (StatSoft Inc). A 2-sided P < .05 was set as the threshold for assessing statistical significance.
Results
The overall rate of mental disorders was 18.9% (n = 12 982), with the most common diagnosis being depression (6604 of 12 982 [50.9%]). Psychotropic medication use was recorded in 17.4% of the sample (n = 11 938), and 2468 of these individuals (20.7%) were taking multiple psychotropics.
During 485 322 person-years (68 730 persons; median, 6.7 years) of observation, 5750 (8.4%) sustained an incident MOF, 1579 (2.3%) sustained an incident hip fracture, and 8998 (13.1%) died. The characteristics of the sample according to mental disorder or psychotropic medication exposure are shown in ]; P < .001) were higher among those with psychotropic medication exposure compared with those without such exposure. Table 2 presents aHRs for the association between fractures, mental disorders, and use of psychotropic medication adjusted for FRAX probability and prior use of osteoporosis medication. In model 1, which analyzed disorders and medications separately, depression (aHR, 1.39; 95% CI, 1.27-1.51), anxiety disorders (aHR, 1.19; 95% CI, 1.09-1.30), and schizophrenia (aHR, 1.82; 95% CI, 1.16-2.85) were all significantly associated with MOF. Selective serotonin reuptake inhibitors, antipsychotics, and benzodiazepines were associated with both MOF and hip fracture: for MOF, SSRIs had an aHR of 1.47 (95% CI, 1.32-1.63), antipsychotics had an aHR of 1.48 (95% CI, 1.21-1.81), and benzodiazepines had an aHR of 1.16 (95% CI, 1.05-1.28), and for hip fracture, SSRIs had an aHR of 1.51 (95% CI, 1.22-1.85), antipsychotics had an aHR of 2.18 (95% CI, 1.58-3.02), and benzodiazepines had an aHR of 1.23 (95% CI, 1.04-1.45). Similar results were observed for psychotropic medications when mental disorders and use of psychotropic medications were analyzed simultaneously (model 2), but aHRs for mental disorders with MOF and hip fracture became nonsignificant. Figure 1 presents the observed vs expected 10-year fracture probability for MOF, and Figure 2 presents the observed vs expected 10-year fracture probability for hip fracture. In the absence of mental disorders or psychotropic medication exposure, the observed fracture probability was within 10% of expected for both MOF and hip fracture, indicating good calibration. FRAX underestimated the 10-year risk of MOF by 29% for those with depression, by 36% for those exposed to SSRIs, by 63% for those using mood stabilizers, by 60% for those using antipsychotics, and by 13% for those using benzodiazepines. Similarly, FRAX underestimated the 10-year hip fracture risk by 51% for those with depression, by 57% for those using SSRIs, by 98% for those using mood stabilizers and those with schizophrenia, by 171% for those using antipsychotics, and by 31% for those using benzodiazepines.
Supplementary Analyses
eTable 1 in the Supplement shows the characteristics of the sample presented by fracture outcome. eTable 2 in the Supplement provides the aHRs for the association between death, mental disorders, and use of psychotropic medica- tions. Exposure to every class of psychotropic medication was associated with an increased risk of death. eTable 3 in the Supplement presents C statistics showing that FRAX stratified fracture risk similarly among individuals with mental disorders, those with exposure to psychotropic medications, and the referent population. In the additional supplementary analyses, adjusting models for an index of disease severity did not alter the statistical significance of any of the psychotropic medication results from model 2. Supplementary analysis that adjusted for prior use of antihypertensive medication or use of osteoporosis medication subsequent to BMD testing did not alter the results. The sensitivity analysis that excluded users of multiple psychotropic medications revealed results that were unchanged in significance. eTable 4 in the Supplement presents the interaction analyses, none of which were statistically significant, with the possible exception of SSRI use and osteoporosis treatment subsequent to BMD testing for MOF, although this association may be spurious because no significant interaction was seen for hip fracture or osteoporosis treatment prior to BMD testing. Analyses based on FRAX probability computed without BMD testing are presented in eTables 5 and 6 and eFigures 1 and 2 in the Supplement.
Discussion
This study adds to the existing literature on the use of psychotropic medications and the risk of fracture. 37 The primary finding is that FRAX significantly underestimated fracture risk among people with mental disorders and among those taking a wide range of psychotropic medications. Our results are based on all persons referred for osteoporosis screening with DXA, with linkage to physician diagnoses of mental disorders and a population-based database capturing detailed information on medication dispensed and incident fractures. Accordingly, our results are most applicable to older individuals, especially women, who are considered to be at risk of osteoporosis. Health care professionals should be aware of these effects when assessing osteoporosis in people with mental illness. Although fracture stratification with the FRAX tool was preserved among those with mental disorders and those using psychotropic medications compared with the general population, calibration was significantly affected. FRAX scores underestimated the risk of MOF and hip fracture among persons with depression and those using SSRIs, mood stabilizers, antipsychotics, and benzodiazepines. Although age did not affect the relative risk associated with a specific mental health diagnosis or medication, the absolute risk would be larger among older individuals and those with higher baseline probability of fracture.
Several meta-analyses have found an association between fractures and the use of SSRIs, benzodiazepines, and antipsychotics.
8,38-40 The mechanism of this association may be in part due to the bone-mediated effects of these medications (median duration of use, >3 years for all medications), but it also may be secondary to falls. 40,41 Falls are not a FRAX input variable, which remains a plausible explanation for the increased risk of fracture associated with some psychotropic medications.
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Limitations
There are limitations to consider in the interpretation of these results. The study sample consisted of people referred for DXA testing; therefore, these results are most applicable to older adults, predominantly female, who are considered by primary care professionals to be at risk for osteoporosis. This potential selection bias may be offset by the fact the Manitoba Bone Density Program is the single centralized program for DXA testing in the province. A second limitation relates to the ascertainment of mental disorders. Given the low rates of mental health service use among people with mental disorders surveyed in many population-based studies, 42 the rates in administrative data may underestimate the true rate in the sample. A related issue is disease severity, which was based on a proxy measure of the use of health services. Clinical assessment of severity using standardized measures would be preferable but was not an option in this data set. A third factor is the assessment of psychotropic medications, which is limited to prescriptions dispensed and raises uncertainties as to whether an individual adhered to treatment or what the specific indication for treatment was. The examined medications could have been used for conditions unrelated to mental disorders, such as neuropathic pain or a seizure disorder. Furthermore, certain classes, specifically other antidepressants and mood stabilizers, have intraclass variability with respect to the adverse effects of weight, which in turn makes it difficult to interpret their effect on fracture risk.Exposure was defined by an arbitrarily chosen medication possession ratio of more than 0.5, given that there is no accepted cutoff for high exposure. Nevertheless, the medication data sets used in this study still represent a distinct advantage over previous studies, given their population coverage and accuracy of medications, dates of prescription, and dose recordings. The lack of assessment of falls is an important limitation. The menopausal status of most of the women was unknown but was recorded during the last data year, and more than 99% of the women (6578 of 6604) were postmenopausal. The results were not stratified by sex given the low percentage of men in the study. Men qualifying for DXA testing had a high prevalence of prior fracture, glucocorticoid use, or other secondary cause of osteoporosis. Finally, pharmacologic treatment for osteoporosis has not been shown to reduce the risk of traumatic fractures.
Conclusions
Diagnosed mental disorders and psychotropic medications identify subgroups at increased risk for fractures, and where this excess risk is not fully captured by the FRAX tool. Results are similar for FRAX scores calculated with and without BMD testing, and would therefore be applicable in the absence of DXA testing. Osteoporosis and mental disorders are highly prevalent conditions, and, as such, these findings have substantial implications for mental health care workers and primary care practitioners. Broader public health initiatives and advocacy may be required to achieve better recognition and management of this elevated risk of fracture given that patients with psychiatric illness may not receive optimal treatment for comorbid physical health conditions. 
FRAX Risk Factors
Age ( Suppressed due to small cell size. The c-statistic represents the concordance of the FRAX tool for predicting the outcome of fractures. It is a unitless index denoting the probability that a randomly selected subject who experienced the outcome will have a higher predicted probability of having the outcome occur compared to a randomly selected subject who did not experience the event. It ranges from 0.5 (no better than chance) to 1.0 (perfect prediction). 
